Trends in the market for diode laser epiwafers  by Szweda, Roy
The series of features on lasers continues principal tiers of the diode laser business of 
with the second of three sequential articles interest to the readership of //l-V3 Review. 
summarizing results from the new Elsevier Previously, we looked at substrates for diode 
Advanced Technology market report “Diode lasers (WV. Review, Vol. 14, Issue 9, pp 45- 
Laser Materkls & Devices -A Worldwide 48); here we turn to epiwafers (and in the 
ROY Szweda Market a Tec/mology overview to 2005 ‘9. next issue we focus on the markets for the 
ASSOCiate Editor Uniquely, the report addresses the three diode laser devices themselves). 
Trends in the market for 
diode laser epiwafers 
The data storage 
sector is domi- 
nated by compa- 
nies which prefer 
to keep close 
control over pro- 
duction and are 
therefore mainly 
captive... The 
telecom sector 
was hurt by the 
downturn most 
of all, so mer- 
chant markets 
were especially 
vulnerable. 
Epiwafer supply is a complex business which 
can be analysed several different ways - by 
growth type, by wafer size, by device sub-type 
and whether it is R&D or production. 
However, in contrast to the substrate business, 
epiwafer manufacture is still split between mer- 
chant vendors and device makers and therefore 
has a strong captive aspect. 
At the moment, the business is still evolving 
towards a steadier position. Purchasers of 
epiwafer products prefer to mix-and-match their 
own capabilities with those of one or more 
merchant epiwafer vendors.This partnership 
exists between a handful of major players on 
both sides. 
The exact split between merchant and captive 
changes with time and depends a great deal on 
the laser type required and its production 
maturity, for example, generally split between 
those for telecoms and those for data storage. 
The data storage sector is dominated by compa- 
nies which prefer to keep close control over 
production and are therefore mainly captive. In 
contrast, the telecom sector was hurt by the 
downturn most of all, so merchant markets 
were especially vulnerable. 
The epiwafer business can also be split by epi- 
taxy type.What might be called “first-genera- 
tion” processes (i.e. LPE and VPE) may continue 
to have a small place in the future marketplace 
but their days are clearly numbered. Most effort 
is directed towards the refinement of MOVPE 
and MBE. 
The market has also seen the rise of so-called 
“pure play” epiwafer business practices.This 
was brought into being by the merger of 
MOVPE-based E.P.1. Ltd and MBE-based QED Inc 
to form IQE p1c.A clear trend in compound 
semiconductors is a move away from a single 
specialization. For example, there are the com- 
panies which diversify vertically such as 
EMCORE Corp, which once produced just epi- 
taxy equipment but now also mass-produces 
epiwafers and even devices.The other route is 
exemplified by AIXTRON AG, which has diversi- 
Bed into equipment for the manufacture of 
other advanced semiconductors (with the 
acquisition of Thomas Swan and Epigress). But 
whichever route is taken, diode lasers will most 
likely remain at the core of these businesses for 
some time to come. 
The devices with the strongest growth rate are 
all based on new-generation epitaxy processes. 
Therefore those companies which will perform 
best are those associated with this technology. 
Nevertheless - unlike LEDs - the type of epitaxy 
which will dominate is less clear-cut. Leading- 
edge MOVPE- or MBE-type processes are 
required for the lasers required for DVD systems. 
The epiwafer market 
The opto market suffered one of the worst 
downturns in its history in 2000. However, 
this came after one of the greatest booms 
of all, and industry players and observers are 
now talking of a return to such a bonanza 
within a year. 
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The market for merchant diode laser epiwafers 
was worth over US$250m in 2000 (see Figure 1). 
Though it dipped below US$2lOm in 2001, it 
will grow to over US$525m by 2005. In other 
words, the average price is about US$250 per 
square inch, i.e. a factor of ten over average 
prices for substrates. From 2003 onwards double- 
digit growth rates will be sustained in value of 
sales, but sign&ant shifts in production empha- 
sis by device type and application are expected. 
In recent years the epiwafer market has had an 
unsettled period, firstly due to increased demand 
for these materials during 1999-2000 then quick- 
ly followed by a market downturn - largely due 
to the crisis of confidence in telecoms and thus 
impacting diode lasers. However, there is a con- 
sensus that it is more a matter of ‘when’ rather 
than ‘if’ market will resume healthy growth. 
Then, the leanest and fittest epiwafer suppliers 
will reap the most benefit.These companies have 
therefore focused on ensuring that they are best 
equipped with the optimal equipment capable of 
handling the largest wafers which are going to 
provide them with the optimal economics in 
what will be a very price-sensitive marketplace. 
This is mainly due to epiwafer manufacturing 
being technology-intensive. Moreover, the indus- 
try is on the threshold of a new era of mass-pro- 
duction capability, arising from the commercial 
availability of much larger 3” and 4” diameter 
substrates. Several companies are already 
installing fabrication facilities to process these 
wafers, largely for the mass production of diode 
lasers. 
However, for the foreseeable future most diode 
laser manufacturers will suffice with smallerdia- 
meter (2”) wafers, until the volume of their busi- 
ness justifies reequipping for scale-up. For the 
next couple of years its exclusive reliance on dis- 
crete devices will dictate that it remains based 
latgely on 2” diameter wafers. However, within five 
years the larger wafers will become dominant. 
Already, the 3” epiwafer is starting to become 
important.Volumes of such wafers have now 
reached many thousands per annum worldwide. 
Of course, the 2” wafer is still the most important 
commercially - thanks to its use in LED manufac- 
turing - but it has begun to see a decline. Such 
matters will change price structures. Larger 
wafers may be used first by major epiwafer 
providers, as they strive to achieve the maximum 
economic advantage that accrues from the 
greater wafer area. However, this will only come 
from their success in securing volume orders, 
where large wafer sizes have most economic 
advantage. 
The total market for diode laser epiwafer prod- 
ucts is shown schematically in Figure 2. Note 
that this graphic is based on a generalization 
rather than forecast data, since hard data on 
captive wafer production is proprietary It 
also depends on many factors such as the 
Figure 1. World laser MOVPE 
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Figure 2. Global epiwafer 
business 2002. 
Some of the 
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technological complexity, size and delivery 
schedule of orders. 
Of course, some of the world’s largest multi- 
wafer facilities are captive.These include those in 
Japan used for mass-production of CD/DVD 
diode lasers. Such companies are, however, drasti- 
cally restructuring their manufacturing assets. 
Amid such unprecedented upheavals they may 
choose to reconsider their position in the diode 
laser sector by moving a larger part of their busi- 
ness into the merchant sector. 
Other factors forcing such changes could include 
compliance with tighter environmental regula- 
tions or obsolete equipment in need of upgrad- 
ing, perhaps triggering the closure of captive 
manufacturing.Then, when the market picks up, 
they will seek to very rapidly ramp up capacity 
via merchant epiwafer houses. 
These statements reflect the uncertainties that 
presently exist in the marketplace which present 
unique difficulties to accuracy in any quantitative 
forecast. Companies may be confronted with an 
epiwafer market with a “total available business” 
worth up to 40% more than exists todayTo con- 
sider an intermediate case, if captive marmfactur- 
ers become capacity limited during the upturn, 
then they may off-load more manufacturing to 
the merchant players.This may prove to be the 
case with Japanese device companies wishing to 
quickly boost epiwafer sourcing prior to 
installing internal capacity enhancements. 
The value of the captive fraction shows no sign 
of decreasing but - if equipment purchases are 
any measure - sales of multi-wafer epitaxy reac- 
tors seem equally split between merchant and 
captive. Much will depend on the industry trend 
for outsourcing manufacture as the market shifts 
towards merchant manufacturing. 
Merchant epiwafers will exert commercial lever- 
age to undercut captive supply.These trends will 
be felt throughout the industry, including the 
supply of substrates, source materials and equip- 
ment. Indeed, much-improved larger wafers and 
multi-wafer, low cost-of-ownership (COO) equip- 
ment could benefit mainly merchant epiwafer 
companies. 
Even more so than substrates, pricing trends for 
diode laser epiwafer products are difficult to 
determine precisely. For MBE and MOVIE, repre- 
sentative production orders of loo-off epiwafers 
are typical, with unit prices much higher for 
smaller size orders. 
Typically, epiwafers are not yet ordered in lOO- 
off quantities, due mainly to the relative immatu- 
rity of the market (compared to that of silicon) 
and the continuing evolution of device struc- 
tures. Such instability is a direct result of a com- 
petitive market. Designs for products seldom 
remain ‘frozen’ for long and are continually 
changed.These changes filter down to the epi- 
wafer level, since it is through this process that 
the most critical components in handsets are 
prepared. 
Moreover, it is not simple to discriminate 
between MOVPE- and MBE-based epiwafers on 
the grounds of price. Such information is propri- 
etary and dependent on many factors such as 
order size, device type etc. It is also conditional 
on the strength of the relationship between the 
supplier and customer. Such long-term mutual 
understanding permits significant cost savings 
and reflects the interdependence that still exists 
in this business sector. 
The epiwafer market will be affected by 
several technical and business trends over the 
next half-decade. Unlike the microelectronic 
sector (where GaAs is threatened by SiGe) and 
LEDs (where compound semiconductors are 
threatened by polymeric emitters), we can 
expect little change in the basic ways diode 
lasers are prepared.The principal epitaxial 
technologies will remain MOVF’E and MBE, with 
substantial improvements to be made in each as 
a result of the intensive R&D associated with 
these techniques. 
We can also expect changes in the particular 
type of compound semiconductors used, e.g. the 
move to longer wavelengths for improved data- 
rate fibre-optic communications using nitrogen- 
containing alloys and, at the opposite end of the 
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spectrum, the continuing evolution of the violet 
diode lasers. 
There is also an underlying trend to improve the 
efficiency of epitaxy processes to mlnhnlze 
wastage.Thls is driven by three factors: 
l Increasing prices of source materials 
l Increased costs of disposal of wastes 
l Price pressure from customers. 
Due to such forces, it is likely that considerable 
improvements in efficiency and yields from these 
operations will occurThe challenge facing the 
merchant epiwafer houses is to prepare for the 
next-generation of devices. 
As befits smaller and quicker-to-react compa- 
nies, merchant epiwafer companies have tended 
to be the first to equip with operational “next- 
generation” epitaxial equipment and proce- 
dures.They have therefore been able to secure 
business at critical stages.The likely rapid 
expansion of the reemergent telecoms market 
could force device makers to seek outside pro- 
vision of larger quantities of devices and the 
materials to make them. By that time, in-house 
equipment may have become obsolete or too 
expensive to operate, or the technology learn- 
ing curves may be too steep to match demand. 
Conversely, during a downturn the merchant 
players can be more vulnerable. 
Finally, we should not ignore the threat of a com- 
plete change in the substrate industry via the use 
of alternative technologles.The use of silicon and 
even germanium will follow on from the use of 
sapphire or Sic for violet lasers, for example.The 
GaAs-on-silicon process of Motorola (see Issue 8, 
page 34) raises a new uncertainty over the future 
of the epitaxial industry. While it has enormous 
potential for change, little has yet been seen of 
what it can do. Nevertheless, at the epiwafer 
level, little wlll change.The process is an evolu- 
tion rather than a revolution and uses basically 
similar equipment. It also looks likely to involve 
the same merchant epiwafer vendors. However, it 
may - like other processes previously - enable the 
creation of innovative new devices and thus add 
to the marketplace. 
After some of the worst months in its history, as 
soon as optoelectronics market growth turns 
firmly positive once again in mid-2002, there will 
be great opportunity for epiwafer vendors. In 
turn, this will benefit the entire industry as the 
providers of these crucial materials expand their 
manufacturing capabilities and buy more materi- 
als and equipment and hire staff. 
We should not 
ignore the threat 
of a complete 
change in the 
substrate indus- 
try via the use of 
alternative tech- 
nologies. The 
use of silicon 
and even germa- 
nium will follow 
on from the use 
of sapphire or 
Sic for violet 
lasers, for 
example. 
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Gorham’s anmu On&ok meetings constitute he longest-running series of executive-level conferences focused 
exclusively on business, market, and technical issues related to compound semiconductors. Imitated but not equaled, 
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